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ABSTRACT
Bielak, James, M.S., Spring, 1978 Geology
The Origin of Cherry Creek Amphibolites from the Winnipeg Creek 
Area of the Ruby Range, Southwestern Montana
Director: David A lt
Pre-Beltian Cherry Creek Group litho log ies underlie much of the 
southwestern Ruby Range near D illo n , Montana. This group includes 
q u artz ites , marbles, s illim anite -bearing  rocks, and abundant horn­
blende-bearing gneisses and amphibolites. The hornblende-bearing 
rocks in the Winnipeg Creek area were previously mapped as a 
single l ith o lo g ie  u n it .  However, recent detailed mapping and 
pétrographie studies reveal that the hornblende gneisses and 
amphibolites are d is t in c t ly  separate lith o lo g ica l units.
The hornblende gneisses exh ib it variable mineralogy and texture. 
The rock is ty p ic a lly  compositionally layered and contains 
q uartz ite  pebbles lo c a lly .  Hornblende-quartzofeldspathic laminae, 
pebbles, and graded bedding sequences re f le c t  orig inal sedimentary 
structures and a sedimentary orig in  fo r th is  u n it .
Various lines of evidence suggest an extrusive igneous orig in  fo r  
the Cherry Creek amphibolites. The units form thick layers con­
cordant with Cherry Creek metasediments. They are massive "sa lt  
and pepper" textured rocks; non-oriented hornblende grains are 
uniformly interspersed with plagioclase. Detailed pétrographie 
examination reveals a remarkably uniform mineral assemblage.
Major oxides petrographically estimated closely compare to analyses 
of an orthoamphibolite from the Tobacco Root Mountains. Both of 
these rocks are chemically equivalent to t h o le i i t ic  basalt.
11
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CHAPTER I 
INTRODUCTION
Pre-Beltian Cherry Creek litho log ies  underlie much o f the western 
Ruby Range in southwest Montana. This group includes marbles, q u a rtz ites ,  
mica schists, amphibolites, and hornblende gneisses. Marbles and 
quartzites in the Winnipeg Creek area are c le a r ly  metasediments. Recent 
work (Garihan and Williams, 1976) suggests that the "Dillon Granite  
Gneiss" represents a mudstone or si Itstone rich in  i l l i t e  and quartz, 
intergrading with Cherry Creek metasediments.
The o rig in  of Cherry Creek amphibolites is not known, however. 
Heinrich (1960) and Okuma (1971) indicate that some hornblende-bearing 
rocks appear sedimentary, while others are undoubtably igneous. In 
mapping, neither author attempted to distinguish between these various 
hornblende-bearing units .
To determine the o rig in  o f the Cherry Creek amphibolites I mapped 
the hornblende-bearing units in the Winnipeg Creek area in d e ta i l .  I 
found that hornblende gneisses and amphibolites are everywhere con­
cordant with metasedimentary marbles and q uartz ites . Pebbles, graded 
bedding, and a lte rnating  hornblende-quartzofeldspathic laminae suggest 
that the hornblende gneisses have a sedimentary o rig in .
I contend that the amphibolites are a separate and d is t in c t  
l i th o lo g ie  u n it. F ie ld  evidence and pétrographie study reveals a
1
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uniform texture , mineralogy, and chemical composition, which suggests 
to me that these Cherry Creek amphibolites are basalt flows subjected 
to upper amphibolite facies metamorphism.
Location
The Ruby Range l ie s  east o f D illon  along the Beaverhead-Madison 
County l in e  in southwestern Montana (F ig . 1 ). The Winnipeg Creek 
map area of about nine square kilometers is situated south o f Stone 
Creek. The area mapped (P late  1) includes portions of Sections 13, 23, 
24, 25 and 26 T. 7S., R.7W; and Sections 19 and 30, T .7 5 . ,  R.6W. 
of the Christensen Ranch 7 1/2 minute quadrangle.
Physiography
The study area is characterized by gently ro l l in g  h i l ls  and ridges 
between elevations of 1,829 and 2,018 m. Slopes are generally grass 
and sage covered, with scattered groups o f jun iper. The major drainage 
is Winnipeg Creek, a northward flowing tr ib u ta ry  of Stone Creek.
Previous Studies
The f i r s t  geological work in the area was by Hayden (1872), 
who reported gneisses, q u a rtz ite s , and schists near B lacktail Deer 
Creek va lley . The Cherry Creek Group was defined by Peale (1896), who 
examined the Cherry Creek type area in the Madison va lley . Winchell 
(1914) described the general geology of the D illon  area.
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Figure 1. Index map showing Ruby Range, Christensen Ranch Quadrangle, and
study area in southwest Montana.
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Precambrian rocks of the southwestern Ruby Range were studied by 
Heinrich (1948, 1949, 1950, 1953, 1960, 1963) and Okuma (1971). 
Garihan (1973) mapped the central Ruby Range and Tysdal (1970) ex­
amined the geology of the northern end of the Range.
F ie ld  Work
Field  work was done during the summer o f 1977 and spring 1978.
The area was mapped on 1:6000 scale U.S.G.S. topographic base, and 
1:36000 a e r ia l photographs. Orientations of bedding, fo l ia t io n ,  
sch is tos ity , and lineations were recorded. Approximately eighty samples 
were collected fo r  th in  section study.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
METAMORPHIC ROCKS
General Statement
The Ruby Range l ie s  w ithin a presumed extension of the 1.7 b i l l io n -  
year-old  Churchill Province ( G i l e t t i ,  1966). Several pre-Beltian  
metamorphic lith o log ies  underlie the southern part o f the range. These 
are loosely grouped into three main units (Heinrich, 1960): 1) Pre-
Cherry Creek, 2) "Dillon Granite Gneiss", and 3) Cherry Creek Group.
The units roughly p a ra lle l the northeast-trending range ax is , and 
regional fo l ia t io n  dips northwest. Pre-Cherry Creek rocks outcrop 
along the southeastern edge of the range. These are s tru c tu ra lly  
overlain by the D illon  Granite Gneiss, followed by Cherry Creek Group 
members to the northwest (Figure 2 ) .  The general opinion of most 
workers in the area is that Pre-Cherry Creek rocks represent the 
oldest s tra tigraph ie  un it  exposed (Heinrich, 1960).
Pre-Cherry Creek rocks are generally gneissic and coarse-grained. 
They are petro log ica lly  v a r ia b le , and individual units are discon­
tinuous along s tr ik e .  Locally the units are injected l i t - p a r - l i t  by 
th in s tr ingers , veins, and layers of g ra n it ic  m ateria l. The main rock 
types in the group are:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2. Schematic index map showing the Pre-Cherry Creek (PCC), 
D illon  Granite Gneiss (DGG), and Cherry Creek Group 
(CCK) of the Ruby Range. Paleozoic (Pz) rocks un- 
conformably o ve rlie  the northern part of the range.
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1) b io tite -garn et-q uartz -fe ld sp ar gneiss,
2) b io tite -g a rn e t gneiss, and
3) amphibolite and hornblende gneiss (Okuma, 1971).
The "Dillon Granite Gneiss" is a th ic k , roughly tabular quartzo- 
feldspathic unit separating Pre-Cherry Creek rocks from Cherry Creek 
l ith o lo g ies  exposed to the northwest. Numerous bodies o f s im ilar  
quartzofeldspathic gneiss ex is t  lo c a lly  w ith in  both of these rock groups
Several d if fe re n t  lith o lo g ies  ex is t in the quartzofeldspathic  
u n it .  The f in e -  to coarse-grained m icrocline-plagioclase-quartz  
gneisses are separated on the basis of the dark m ineral(s) present:
1) garnet-hornblende gneiss,
2) garnet gneiss,
3) hornblende-bio t i t e  gneiss,
4) g a rn e t-b io t ite  gneiss,
5) b io t i te gneiss,
6) hornblende gneiss, and
7) biotite-garnet-hornblende gneiss (Garihan and Williams, 1976).
Cherry Creek Group rocks outcrop on the northwest flank of the
Ruby Range. The type section fo r  th is  group is  at Cherry Creek, near 
Ennis, Montana (Heinrich and R abbitt, 1960). The Cherry Creek Group 
of the Ruby Range includes a diverse v a r ie ty  o f l itho lo g ies :
1) marble,
2) q u a rtz ite .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3) calcium-magnésium sch is t,
4) amphibolite,
5) hornblende gneiss,
6) p e l i t ic  sch is t,
7) s i l l im a n ite  schist and gneiss, and
8) magnetite schist (Iron  Formation).
Field Description and Petrography
Thin sections were prepared from representative samples collected  
in the f ie ld .  Mineralogy and textura l re lationships were care fu lly  
noted. Anorthite content was determined using methods outlined by 
Moorhouse (1959, pp. 55-60). Volume percentages were v isua lly  estimated 
and checked by use o f a transparent g r id . Some samples were stained 
to aid in potassium feldspar id e n t i f ic a t io n .
Marbles. Marble units form th in  pers istant layers in the study 
area. Thickness of these units range from 20 to 45 m. One layer 
along Winnipeg Creek is about 345 m th ic k , but I believe th is  repre­
sents a thickening due to folding and fau ltin g  in that area. Thin 
layers 10 cm to about 1 m th ick  also occur lo c a lly  w ithin q u artz ite  
and hornblende gneiss units .
Dolomitic marbles perdominate in  the study area. Composition varies  
from re la t iv e ly  pure dolomite to impure va rie tie s  containing trem o lite ,  
diopside, serpentine, or ta lc .  The rock is  w ell-layered to massive. 
Layered va r ie tie s  lo c a lly  contain 2-5 cm thick chert layers separating
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
carbonate beds 4 cm to 1 m th ick . Okuma (1971) suggests that these 
compositional layers may represent o rig ina l bedding.
Q uartzite s . Quartzite layers are excellent structural marker 
un its , forming long lin e a r ridges in the map area. These units range 
from about 45 to 75 m th ick . Thin discontinuous layers also appear 
lo c a lly  w ith in  hornblende gneisses and marbles.
The quartzites are f in e -  to medium-grained, and massive to th in ly -  
bedded. The rock is pale rusty red to brown, or pale green to very 
dark green. Quartz, hornblende, a c t in o l i te ,  and diopside are 
recognizable in hand specimen.
Thin sections reveal that quartz is the dominant mineral, ranging 
45 percent to 81 percent by volume. Also occurring in varying amounts 
are hornblende, a c t in o l i te ,  diopside, potassium fe ldspar, b io t i te ,  
and ra re ly  plagioclase and muscovite. Accessories include zircon, 
sphene, a p a tite ,  tourmaline, and opaque iron oxides.
The quartzites are generally equigranular. Locally, the presence 
of dark minerals impart a fo l ia t io n  to the rock. This results in 
bands or discontinuous layers rich in quartz, a c t in o l i te ,  or diopside 
(Figure 3 ) .
At three lo c a l i t ie s  in the study area I observed pebbles in  the 
q u a rtz ite  units . These are generally coarse white quartz, although 
amphibolite pebbles dominate at one location (Figure 4 ) .  The sizes 
of the pebbles range from 0.25 to about 5 cm. Their longest dimensions
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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8 cm
Figure 3. Quartzite sample with discontinuous layers 
of quartz (q tz ) ,  a c t in o l i te  (a c t ) ,  and 
diopside (d iop).
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Figure 4. Quartzite layer with scattered black 
amphibolite pebbles.
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commonly l i e  in the plane o f fo l ia t io n .  Although shapes of some of 
the pebbles appear to have remained essen tia lly  unchanged during 
metamorphism and deformation, others appear "stretched out", forming 
streaks or lense-shaped structures.
S illim anite-bearing  feldspathic q u a rtz i te . An unusual s i l l im a n ite -  
bearing feldspathic q u a rtz ite  outcrops in the study area. This unit  
is  generally pink or tan, and weathers grey. P ara lle l b io t i te and 
muscovite flakes impart a rough fo l ia t io n .  Locally, there are numerous 
pods or "discs" arranged p a ra lle l  to fo l ia t io n .  These pods are rich  
in f i b r o l i t i c  s i l l im a n ite ,  and range from 2-14 cm in diameter and 
1-8 cm th ick . These weather out forming lin e a r knobs on outcrop 
surfaces (Figure 5 ).
The bulk of th is  un it contains equigranular quartz, m icrocline, 
and b io t i te ,  with subordinate muscovite, plagioclase, and opaque iron  
oxides. The pods contain quartz (70%), b io t i te  (8%), and fibrous 
s i l l im a n ite  (20%), with magnetite, muscovite, and apa tite  as accessories, 
Abundant s i l l im a n ite  f ib e rs  wrap around quartz and b io t i te  grains, 
commonly extending into and crowding both (Figure 6 ) .
Muscovite is commonly embayed, and has s i l l im a n ite  growing from 
ragged edges. This texture suggests the reaction: muscovite +
quartz-—̂ potassium feldspar + s i l l im a n ite  + H2 O (Evans, 1965) occurred 
during metamorphism. However, potassium feldspar exists only in the 
enclosing rock, and not w ith in  the pods. Perhaps nucléation was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
Figure 5. S il l im a n ite  pods in s ill im an ite -bearing
q u artz ite  weather out, forming lin ear knobs 
arranged para lle l to fo l ia t io n .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6. S ill im a n ite  pod in th in section. F ib r o l i t ic  
s i l l im a n ite  ( s i l l )  wraps around and crowds 
quartz (q tz ) grains. Accessories are b io t i te  
(b io t)  and magnetite (m).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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inh ib ited  in the pods, and potassium feldspar growth was re s tr ic ted  
to the enveloping q u a rtz ite .  The genesis of these pods is unsolved 
and requires fu rther study.
G ranitic  gneiss. Quartzofeldspathic gneiss is abundant in the 
central Ruby Range, but only one occurrence was noted in the Winnipeg 
Creek area. Mapping revealed a th in ,  discontinuous layer between the 
s ill im an ite -bearing  un it and amphibolite.
This rock is tan or pink, appearing chalky on weathered surfaces. 
Grain size ranges from f in e  to coarse. Segregated quartz and feldspar- 
rich layers impart a gneissic fo l ia t io n  concordant with regional 
fo l ia t io n .
Thin section study reveals that the gneiss is g ran it ic  in compo­
s it io n  (Streckeisen, 1973), consisting of equigranular quartz (43%), 
microcline (34%), and plagioclase (16%; An^g). Textura lly  and 
m ineralog ically , th is  u n it  closely resembles the "Dillon Granite  
Gneiss" (Heinrich, 1960; Okuma, 1971; Garihan and Okuma, 1974; Garihan 
and Williams, 1976), which I examined along Sweetwater Road about 
5 km south o f th is study area. The gneiss from Winnipeg Creek plots  
on a Q-A-P varia tion  diagram with in  the f ie ld  o f "b io tite -quartzo -  
fe ldspath ic  gneisd' (Figure 7) from the central Ruby Range. These re ­
lationships suggest to me that th is  quartzofeldspathic "gran itic  
gneiss" and the so-called "Dillon Granite Gneiss" may have a s im ilar  
o rig in .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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QUARTZDILLON 
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FELDSPATHIC 
ROCKS /
K-FELDSPAR PLAGIOCLASE
Figure 7. Variation diagram showing composition of 
Winnipeg Creek g ran it ic  gneiss (X) in 
comparison to "Dillon Granite Gneiss" from 
the central Ruby Range.
b io t i te  gneiss
g a rn e t-b io t ite gneiss
(a f te r  Garihan and Williams, 1976)
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Diabase. Numerous diabase dikes are present in the range. The 
dikes trend in general northwest, cutting nearly perpendicular to 
regional fo l ia t io n .  Okuma (1971) observed that some dikes intrude  
along pre-existing  fa u lts ,  and that th e ir  age is probably Precambrian.
Only one diabase dike occurs in the Winnipeg Creek area, measuring 
3 m th ick and 450 m long. The dike intrudes marble along metamorphic 
fo l ia t io n ,  forming a long, low ridge trending northwest.
Ultramafic rocks. Bodies o f ultram afic rock ex is t throughout the 
Ruby Range, the most notable being the Wolf Creek Pluton (Heinrich, 
1963). F ie ld  and pétrographie evidence suggests that these u l t r a ­
mafic rocks are p a r t ia l ly -s e rp e n t ini zed tectonics pre- or syn- 
te c to n ica lly  emplaced (Desmarais, in progress). The two multramafic 
bodies outcropping in the Winnipeg Creek map area form elongate, 
e l l ip t ic a l  bodies which roughly p ara lle l regional fo l ia t io n .
Hornblende gneiss. Hornblende gneiss units occur throughout the 
study area, forming continuous layers which generally associate with  
marble and quartz ite  units . These rocks exh ib it  a lternating  hornblende- 
rich  and quartzofeldspathic layers and lenses, ranging in thickness 
from m illim eters to centimeters. In hand specimen, the pale layers 
appear to compose from zero to about s ix ty  percent o f the rock.
The hornblende-gneiss exhibits a charac teris tic  f i s s i l e  parting  
p a ra lle l to compositional layering. Hornblende layers are black or 
greenish black; quartzofeldspathic layers are generally white. Grain
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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size is commonly f in e  to medium, with some coarser-grained quartzo- 
fe ldspath ic layers.
Thin section examination reveals variable  mineralogy in th is  
u n it .  Hornblende (ZAC = 14°; X* = pale yellow, Z' = green) and 
plagioclase (Angy.gg) a lte rn a te  with quartz-plagioclase layers. In 
some th in  sections, the hornblende displays patches or incomplete rims 
of cummingtonite (co lorless; ZAC = 18°). A c t in o li te ,  b io t i te ,  
diopside, and potassium feldspar occur lo c a lly  in varying amounts. 
Accessories include z ircon, sphene, a p a tite ,  and opaque iron oxides. 
Plagioclase is moderately to heavily s e r ic i t iz e d ,  and c h lo r ite  and 
epidote are secondary minerals.
These hornblende gneisses probably represent sedimentary units .  
Contacts between the gneiss and q u a rtz ite  layers are commonly grada­
t io n a l.  Also, the gneiss contains numerous q uartz ite  pebbles in one 
location (southern Section 13). The pebbles l i e  p ara lle l  to compo­
s it io n a l layering, or are "stretched out". One piece of f lo a t  was 
discovered which contained thin bands of imbricated and graded 
qu artz ite  pebbles (Figure 8 ) .  Unfortunately, th is  feature could not 
be found in outcrop.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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4  cm
-
Figure 8. Lichen-covered hornblende gneiss f lo a t ,
containing layers of graded and imbricated 
q uartz ite  pebbles.
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CHAPTER I I I  
AMPHIBOLITES
Field Description and Occurrence
Two d is t in c t  amphibolite units ex is t in the Winnipeg Creek area. 
Their thicknesses range from 300 to about 450 m. These layers are 
everywhere concordant with metasedimentary l ith o log ies  described 
above.
Amphibolite ty p ic a lly  forms low, blocky outcrops. Folia tion  is 
weak or barely recognizable; s tr ik e  and dip o f fo l ia t io n  are measured 
on parting surfaces which p ara lle l regional fo l ia t io n .  Close ex­
amination reveals a charac teris tic  "s a lt  and pepper" texture, in 
which hornblende grains are interspersed with plagioclase. Hornblende 
is not aligned or segregated to any s ig n if ic a n t extent. In the f i e ld ,  
the lack of good fo l ia t io n  and "s a lt  and pepper" texture distinguishes 
the amphibolite from the th in ly  laminated quartzofeldspathic horn­
blende gneiss.
Petrography
Results of a modal analysis of eighteen amphibolites are presented 
in Table 1. The analysis shows that hornblende is without exception 
the dominant mineral, plagioclase occurs second in abundance, and 
quartz, potassium fe ldspar, b io t i t e ,  and diopside are a l l  minor con­
stituen ts  varying in  amount. Secondary minerals are referred to the
19
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appropriate primary mineral in the analysis, and are discussed 
below.
Thin section examination reveals th at hornblende grains are gen­
e r a l ly  oriented with th e ir  long dimensions lying In the plane of 
parting, forming a weak fo l ia t io n  (Figure 9 ) .  These grains are mainly 
subhedral or euhedral, and show excellent amphibole cleavage. Size 
ranges from 0.5 to 1.5 mm. In most thin sections the hornblende Is  
s l ig h t ly  to moderately p o lk l l l t i c ,  containing rounded or subhedral 
Inclusions of plagioclase, quartz, sphene, or a p a tite .
Optical properties o f the hornblende Is consistent In a l l  o f the 
samples examined. ZAC ranges from 13® to 17®, averaging 14-15®. 
Pleochroism Is X' = pale yellow or greenish yellow, Z' = brownish green 
or o liv e ;  absorption Is Y^Z>X.
The plagioclase Is andeslne; anorth lte  content ranges Angg.gg,
averaging An^  ̂ g. A lb lte  and combined alblte-Carlsbad twins are 
abundant. Grain size ranges from 0.5 to 1.0 mm and averages 0.75 mm.
Grain boundaries are generally s tra ig h t ,  and t r ip le  points are common.
Very ra re ly  the plagioclase shows a f a in t ,  continuous core-to-r1m  
zoning. The anorth lte  content In one o f these grains varies from 
Ang  ̂ In the core to An^Q a t the rim.
Quartz Is generally present as 0.25 -  0.3 mm rounded or Ir re g u la r ly  
shaped grains, but In a few samples quartz Is  e n t ire ly  absent. Com­
monly the quartz Is  fla ttened  p a ra lle l  to fo l ia t io n ,  exhibiting fa in t  
undulose ex tinc tio n . In one case, the quartz grain boundaries are
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2 mm
Figure 9. Thin section of typical amphibolite.
Green hornblende grains are interspersed 
with plagioclase and quartz. The horn­
blende is roughly aligned, imparting a 
poorly developed fo l ia t io n .
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highly-sutured with in c ip ie n t sub-grain (Spry, 1969, p. 121) 
development.
B io t i te ,  diopside, and potassium feldspar are rare in occurrence. 
Orthoclase forms anhedral grains. In one example the orthoclase is 
p o i k i l i t i c ,  containing an accumulation o f minute a p a tite ,  sphene, and 
zircon grains in  the core. Diopside is generally anhedral and 
p o i k i l i t i c ,  containing rounded plagioclase and hornblende inclusions. 
B io t ite  is present in sone thin sections as scattered flakes p ara lle l  
to fo l ia t io n .
A patite , sphene, and magnetite are ubiquitous accessories in the 
amphibolite. These are generally small (0.1 mm) euhedral to sub­
hedral grains scattered throughout the rock. Commonly the sphene and 
magnetite form “trains" or accumulations ly ing in fo l ia t io n  planes.
C h lo r ite , epidote, orthoclase, z o is ite ,  and white mica (s e r ic i te )  
are typ ical a lte ra t io n  products. Chlorite  and epidote ch a ra c te r is t ic a lly  
replace b io t i te  and ra re ly  hornblende; epidote also f i l l s  fractures and 
forms thin veins in one sample. Orthoclase and very rare ly  a lb ite  
f i l l  small veins. Plagioclase is  moderately to intensely a lte red  to 
s e r ic i te .
Origin o f Cherry Creek Amphibolites
The pre-B elt basement complexes o f southwest Montana contain con­
s is te n t "packages" o f metamorphic rocks which include qu artz ites ,  
marbles, c a lc -s i l ic a te s ,  schists, hornblende gneisses, and amphibolites.
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These have been given various stra tigraph ie  names, such as Cherry 
Creek Group, Pony Group, and Spuhler Peak Formation. Amphibolites 
are especia lly  common in these packages, occurring as layers, d is ­
continuous lenses, boudinage, pods, and isolated blocks, in tim ately  
associated with metasediments (Fountain and Desmarais, in press). 
Amphibolites in the Winnipeg Creek area occur ty p ic a lly  as continuous 
layers p ara lle l  to metasedimentary l ith o lo g ie s .
The orig in  of these amphibolites is d i f f i c u l t  to determine. Pre­
suming isochemical metamorphism, possible parent rocks of equivalent 
chemical composition include basalt flows, tu f fs ,  dikes and s i l l s ,  
gabbroic rocks, and shaley limestone or calcareous shale.
This problem of determining the o rig in  o f amphibolites has re­
ceived much attention  in recent years (Engel and Engel, 1962; Walker 
and others, 1960; Heier, 1962; Leake, 1964). Walker and others (1960) 
attempted to find c r i te r ia  by using f ie ld  occurrences, textural features, 
mineralogical composition, major or minor element composition and rock 
magnetism. They found th at none were e n t ire ly  successful in de­
termining the o rig in  of a l l  the amphibolites examined.
One s tr ik ing  feature o f the Cherry Creek amphibolites is th e ir  
remarkably uniform occurrence, texture , and mineralogy. This monotonous 
uniformity may re f le c t  a parent rock of very uniform composition.
Major and minor element analyses might prove h e lp fu l,  but these are 
not now av a ilab le . Therefore I petrographically estimated the major 
oxide contents o f these rocks, and compared the Cherry Creek
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amphibolites from Winnipeg Creek to s im ilar amphibolites found in  
other pre-B eltian  metamorphic terranes in  southwest Montana.
Examination of ava ilab le  l i te ra tu r e  shows that amphibolites from 
various pre-B elt terranes are very s im ila r  in appearance, texture ,  
composition, and occurrence. These are described as hornblende- 
plagioclase-quartz rocks, black or greenish-black, exhib iting  good to 
l i t t l e  or no fo l ia t io n ,  and with "s a lt  and pepper" texture (Reid,
1957; Heinrich, 1960; McMannis and Chadwick, 1964; Beacraft and others, 
1966; Okuma, 1971; Friberg and Klein, 1975; Berg, 1976). The modal 
analyses of Cherry Creek amphibolites presented in Table 1 compares 
closely with data presented by others (Table 2 ) .
Burger (1969) presents analyses of several s im ilar amphibolites 
from the Tobacco Root Mountains. He finds that d is t in c t iv e  plots 
(N iggli mg against k , Ni against Cr, and mg against Cr and Ni) 
suggest that the hornblende-plagioclase amphibolites are derived from 
extrusive or concordant in trus ive igneous rocks, or both, in tercalated  
with clays, marls, or other argillaceous sediments (Burger, 1969, 
p. 1332).
I estimated major oxides of the Cherry Creek amphibolites, using 
the pétrographie data in  Table 1. An analysis fo r a s im ila r ly -  
occurring hornblende was obtained from Deer and others (1966, Table 15, 
Col. 7, p. 152) and the oxides were then proportionately reduced to 
60.7 percent, the average hornblende content o f the Cherry Creek
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1 2 3 4
Hornblende 60.7 62.7 56 50
Garnet —  — 2
Plagioclase 30.0 26.9 28 32
K-feldspar 1.3 —  — —  — —  —
Quartz 5.4 1 0 . 0 1 0 14
B io t ite 0.5 0 . 1 - - —  —
Diopside 0 . 6 3 --------
Sphene 0.4 1 —  —
Apatite 0.4 0.3 —  * •
Iron oxides 0.5 —  — —  —
Amounts in volume percentages
Source Location
1 . amphibolite ; Table 1, th is 're p o rt Ruby Range
2. amphibolite 850-78; Foster, 1962 Madison Range
3. amphibolite A-6 ; Burger, 1969 Tobacco Root Mountains
4. amphibolite ; Spencer and Kozak, 1975 Spanish Peaks
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amphibolite. This procedure was repeated fo r andesine, quartz, 
b io t i t e ,  diopside, e t c . ,  and these proportionate oxide values were 
then added. The results should approximate a chemical analysis w ithin  
5-8 percent.
These results are presented in Table 3, column 1. Inspection 
reveals remarkable s im ila r ity  to the analysis of hornblende-plagioclase 
amphibolite (column 2) presented in Burger (1969, analysis A-6 ,
Table 1, p. 1332). Also included in Table 3 are analyses of average 
t h o le i i t ic  basalt, andésite, and shale, fo r comparison.
Readily apparent are the low s i l ic a  content, low K^O, and high 
FeO and MgO in columns 1, 2, and 3. The amphibolites from Winnipeg 
Creek and the Tobacco Root Mountains closely resemble an average 
th o le i i t ic  basalt. These compositions d i f f e r  quite d is t in c t ly  from 
those of andésite and shale.
I conclude that the Cherry Creek amphibolites from the Winnipeg 
Creek area of the Ruby Range are probably metamorphosed basalt flows. 
This conclusion is  based upon the following evidence:
1 ) The amphibolites exh ib it  monotonous uniform texture  
and mineralogy. Assuming isochemical metamorphism, the 
parent rock was probably s im ila r ly  uniform;
2) They are everywhere concordant with meta-sedimentary units 
in the map area. Intrusion of dikes or s i l l s  without 
disrupting the th in  metasedimentary l itho lo g ies  is highly 
uniike ly ;
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Table 3.
1 2 3 4 5
SiOg 51.5 50.70 50.83 54.20 58.10
AlgO^ 15.1 14.30 14.07 17.17 15.40
Fe2 0 3 2.4 2.15 2 . 8 8 3.48 4.02
FeO 8.3 9.78 9.06 5.49 2.45
MgO 6.3 7.53 6.34 4.36 2.44
CaO 1 0 . 1 10.40 10.42 7.92 3.11
Na2 0 2.5 2.39 2.23 3.67 1.30
K2 O 1 . 0 0.35 0.82 1 . 1 1 3.24
TiOg 1 . 0 0.97 2.03 1.31 0.65
1. Oxide approximati on of modal amphibolite ( th is  study)
2. Hornblende-plagioclase amphibolite A- 6  (Burger, 1969, Table 1, p. 1332)
3. Average t h o le i i t ic  basalt (Hyndman, 1972, Table 1-2, p. 12)
4. Average andésite (Nockolds, 1954, Table 6 , Col. 11, p. 1019)
5. Average shale (Clarke and Washington, 1924, p. 32)
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3) Primary sedimentary features such as pebbles, graded 
bedding, or compositional layering are present in 
q u a rtz ites , marbles, and hornblende gneiss. These features 
are e n t ire ly  absent in the amphibolites; and
4) The approximation of major oxides fo r the amphibolites 
compares closely with chemical analyses of th o le i i t ic  basalt, 
and an orthoamphibolite from sim ilar metamorphic terrane in 
the Tobacco Root Mountains.
Features 1 and 2 might also point towards a sedimentary parent fo r  the 
amphibolite, but in many respects a basalt flow is a "sedimentary" 
extrusive igneous rock. The concordancy of the amphibolite in par­
t ic u la r  points away from forceful intrusion of a s i l l  or dike; such 
a c t iv i ty  would surely lead to disruption of the country rock and cross­
cutting re lationships.
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CHAPTER IV 
METAMORPHISM
Metamorphic Grade
Previous workers have established that the pre-Beltian meta­
morphic rocks of the Ruby Range are metamorphosed to the upper 
amphibolite facies (Okuma, 1971; Garihan, 1973; Garihan and Williams, 
1976; Garihan and Swapp, 1977; Dahl, 1978; Desmarais, in progress). 
Several lines of evidence point to upper amphibolite facies meta­
morphism in Cherry Creek lith o lo g ies  near Winnipeg Creek.
There is a notable lack of d is t in c t iv e  mineral assemblages which 
would allow precise determination o f metamorphic grade in th is area. 
However, the amphibolite and s ill im an ite -bearing  unit contain 
equilibrium  assemblages which may be used to approximate metamorphic 
conditions. These equilibrium assemblages are:
1 ) hornblende + plagioclase + quartz + b io t i te  + pyroxene,
2 ) quartz + potassium feldspar + b io t i te  + plagioclase + muscovite,
3) quartz + s i l l im a n ite  + b io t i te .
These assemblages are in equilibrium in that they sa tis fy  the 
following c r i te r ia :
1 ) coexisting minerals show no textura l indication of 
disequilibrium ,
30
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2 ) identica l minerals are present in rocks of the same 
composition,
3) zoning w ith in  individual grains is extremely rare,
4) the mineral assemblages contain no incompatible phases, and
5) the assemblages consist o f a small number of minerals,
Winkler (1974) states that the trans itio n  from upper greenschist
to amphibolite facies is  marked by the presence of plagioclase more 
ca lc ic  than in rocks of appropriate composition. The pi agio-
clase-bearing units and amphibolites in the Winnipeg Creek area are 
characterized by plagioclase with anorth ite  content ranging from 
An2 7  Angg' This indicates that metamorphism progressed past the 
greenschist, and a t  least into the amphibolite facies (Winkler, 1974),
Hornblende in the amphibolites is invariably  greenish-brown or 
o live  in th in section. These colors are typical o f hornblende pro­
duced in the s i l l im a n ite  zone o f the amphibolite facies (Hyndman, 
1972, p. 307).
The embayed texture o f muscovite in the s i l l im a n ite  pods of the 
s ill im an ite -bearing  u n it  suggests that the reaction: muscovite + 
quartz orthoclase + s i l l im a n ite  + H2 O was occurring during meta­
morphism (see Chapter 2, p i2 ) .  This is fu rth er evidence of meta­
morphism in the s i l l im a n ite  zone (Evans, 1965).
F in a l ly ,  the study area and the Ruby Range in general is  
characterized by numerous thin veins or stringers of pink g ra n it ic
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material cutting across fo l ia t io n  in various l ith o lo g ie s . Also, 
quartzofeldspathic gneiss 5 km south o f the study area is lo c a lly  
migmatitic. This suggests to me that the metamorphic conditions 
were near the minimum melting o f gran ite .
Metamorphic conditions responsible fo r  these features are 
estimated a t  600-700®C and 4-6 kb water pressure; th is  corresponds 
to a depth o f about 15-23 km (Hyndman, 1972, p. 313). The estimated 
temperature and pressure are represented by a dashed f ie ld  on Figure 10. 
Note that th is f ie ld  is well within the s ta b i l i ty  l im its  of s i l l im a n ite ,  
yet below that of hypersthene, which marks the lower l im it  of the 
granu lite  fac ies . This f ie ld  is also near the muscovite-orthoclase 
reaction boundary, and the minimum melting curve of common gran ite .
Retrograde Assemblages
The effec ts  o f retrograde metamorphism appear in several thin  
sections from the study area. These e ffects  include the marked 
presence of c h lo r i te ,  epidote, serpentine, ta lc  and by colorless 
reaction rims and patches on hornblende grains in the hornblende gneiss. 
These features ind icate  greenschist facies metamorphism.
Okuma (1971) also notes that the diabase dikes have been meta­
morphosed in the greenschist fa c ie s , while Paleozoic rocks uncon- 
formably overlying the northern part of the range are not metamorphosed. 
This is the basis fo r  his assignment of Precambrian age to the diabase 
dikes.
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CHAPTER V 
STRUCTURE
The metamorphic terrane of the Ruby Range is characterized by 
m ultip le  deformations and repeated fau lt in g  (Okuma, 1971). De­
formation produced isoc lina l fo ld s , which have been refolded into  
broad, open-style flexures (Heinrich, 1960; Okuma, 1971; Garihan, 
1973). Diabase dikes fo llow  northwest-trending Precambrian zones of 
weakness, some of which became reactivated into major fau lts  during 
Laramide thrusting and u p l i f t  (Okuma, 1971).
Faults
Faulting in the southern portion o f the map area (NE 1/4 Sec. 25) 
is probably the re su lt  of Precambrian deformation. A thin marble unit 
was thickened, behaving as an incompetant layer flowing between more 
competant q uartz ite  and amphibolite. Another noteworthy feature of 
th is  f a u l t  is the position of the elongate ultramafic body d ire c t ly  
northeast. I f  the u ltram afic bodies are indeed tectonic slices  
fo rc ib ly  emplaced (Desmarais, in progress; Fountain and Desmarais, 
in press), one might expect emplacement along pre-existing zones of 
structura l weakness.
The locations of fau lts  in the northern portion o f the map area 
are based on juxtaposition o f d if fe re n t  l ith o log ies  or are traced 
from a e r ia l photographs. These are believed to be T ertia ry  fau lts
34
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(Okuma, 1971) resulting from u p l i f t  of the cratonic basement. These 
fa u l t  scarps are overlain  by T e rt ia ry  conglomerates.
Folding
Regional studies carried out in the metamorphic rocks of the 
Ruby Range show that three phases of folding are evident (Okuma, 1971) 
In th is  study, a t  least three folding phases were discovered in the 
Winnipeg Creek area, each producing a charac teris tic  structural 
geometry. These fo ld  structures are referred to , in sequence as F-|, 
^2 » and F3 ,
F̂  Structures
-m
F] structures are is o c l in a l ,  s im ila r -s ty le  fo lds. They develop 
in  fo l ia t io n  which is equivalent to compositional layering in th is  
area. F̂  folding is c le a r ly  evident in only one location (NW 1/4 
Sec. 24). Fold axes (B) measured in the f ie ld  p lo t on an equal-area 
projection as a d iffuse  concentration plunging east-northeast 
(Figure 11). Axial plane schistosity  is not evident in these 
structures.
F2  Structures
The most conspicuous structural feature of the map area is the 
la rge , open-style, northward-plunging anti form-synform pa ir .
Okuma (1971) noted the structura l complexity o f th is area, and found
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Figure 11. Eleven F| fo ld  axes (B) p lo t in 
a d iffuse concentration trending 
east-northeast.
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that the structure defined a d is t in c t  s tructural domain re la t iv e  to 
surrounding structures. Poles to fo l ia t io n  on the anti form-synform 
define a d iffuse  ir-g ird le . The pole to th is g ird le  approximates 
the F2  fo ld  axis ( 3 ) .  This axis plunges north a t  about 40° (Figure 12) 
These results generally agree with those of Okuma (1971, p. 60 ), who 
named the structure the "Dillon Synform".
F3  Structures
F] and F3  structures are openly folded about another ax is , here 
designated F3 . The domain of the D illon  Synform may be subdivided 
in to  small-scale domains of s tructural homogeneity. Each defines a 
separate n -g ird le  with d is t in c t ly  d if fe re n t  orientations of 3 » the Fg 
fo ld  ax is . The 3 positions of each domain roughly form a sm all-c irc le
g ird le  about an axis plunging approximately 50°, S 18° E (Figure 13).
Small-scale, p aras itic  fo ld  axes, products of F2  fo ld ing , also plot 
on th is  g ird le . This F3  axis is the la te s t  recognizable folding event
in the Winnipeg Creek area.
Summary of Deformation
Structural sty les discovered in the Winnipeg Creek area concur 
la rge ly  with structural data obtained in the central Ruby Range.
Garihan (1973) reports an iso c lina l folding event (F^) with axes 
plunging moderately northeastward. These structures are then re ­
folded by a subsequent, coaxial phase (Fg), producing non-isoclinal
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Figure 12. 260 poles to fo l ia t io n  define a 
diffuse TT girde about a northward 
trending Fg fo ld  ax is , plunging 40®.
Contours represent 12, 9, 6 , 3, 1, and 
1/3% per 1% area.
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Figure 13. F ifteen Fg fold axes (B 's) follow  
a sm all-c irc le  g ird le  about an F3  
fo ld  axis with orientation  50®, S18°E.
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folds plunging northeast. Limited F-| data in the Winnipeg Creek 
area does not allow me to conclude that F| and Fg are coaxial. S t i l l ,  
my findings are es se n tia lly  identica l to those presented by others. 
F in a l ly ,  I find  evidence fo r a la te r ,  Fg folding event, represented 
by broad, open-folding of Fg structures about a southward-plunging 
axis . This la te s t  event is possibly a re su lt  of Laramide u p l i f t .
The small F̂  folds in th is area were erroneously interpreted to 
represent a much larger structure named the "Centerfield Fold"
(Okuma, 1971). This is reportedly a northeast-plunging overturned 
synform, the hinge zone of which should l i e  ju s t  o f f  the northwestern 
edge of the map area. The upper and lower limbs of th is  fo ld are 
supposedly represented by the repeated quartzite-marble-hornblende 
gneiss sequences. Detailed mapping reveals that the litho log ies  do 
not repeat in the sequence expected o f such a structure. The 
"Centerfield  Fold" reported by Okuma (1971) is confined to small- 
scale F] isoc lina l folds which are i l lu s tra te d  on the geologic map.
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CHAPTER VI 
CONCLUSION
Most Cherry Creek Group lith o lo g ies  underlying the Winnipeg 
Creek area o f the Ruby Range are metasediments, p a rt ic u la r ly  the 
marbles and q u a rtz ite s , and possibly the s illim an ite -bearing  fe lds-  
pathic q u a rtz ite .  Hornblende-bearing rocks, which have previously 
been mapped as a single u n it ,  may be divided into two d is t in c t  
l i th o lo g ie s : hornblende gneisses and amphibolites.
The hornblende gneisses possess features which indicate a 
sedimentary o rig in . The amphibolites appear to represent meta­
morphosed basalt flows which concordantly in te r la y e r with Cherry Creek 
metasediments in the study area.
Another hornblende-bearing u n it  occurs in the Ruby Range;
Heinrich (1960) and Okuma (1971) recognize cross-cutting relationships  
of th is  unit to surrounding lith o lo g ie s . They suggested that these 
rocks represent mafic dikes and s i l l s  emplaced prio r to or during 
metamorphism. Rocks of th is  nature are not present in the Winnipeg 
Creek map area.
Equilibrium mineral assemblages indicate upper amphibolite facies  
metamorphism. Conditions of metamorphism are estimated a t 600-700®C 
and 4-6 kb water pressure.
41
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The Cherry Creek rocks near Winnipeg Creek were subjected to 
three folding episodes. F-| structures include isoclina l folds which 
plunge east-northeast. Fg produced large , open-style folds which 
re fo ld  F] structures. The axis of the second folding event plunges 
40® to the north. F in a l ly ,  an Fg axis is recognized which plunges 
approximately 50°, S 18® E. This event produced large-scale open 
folds which reorien t the F2  fo ld  axis. F] and Fg are probably Pre- 
cambrian; F3  is  believed to be a re su lt  of Laramide u p l i f t .
This ten ta tive  determination of the o rig in  o f Cherry Creek amphi- 
bo lites  provides a point of departure fo r  future studies concerned 
with pre-B eltian  metamorphic rocks in southwestern Montana. The 
s tr ik in g  s im ila r i ty  between the Cherry Creek amphibolites and 
amphibolites from the Spuhler Peak Formation and Pony Group may assist  
in corre la ting  these major rock groups. Such correlations w i l l  un- 
doubtably aid in fu ture  tectonic interpretations of the pre-Belt 
basement in southwestern Montana.
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